Since long ago, spring water has been used for therapeutic bathing and drinking cures. However, toxic materials are sometimes contained in them. Thus, analyses of toxic materials in spring water are required for accurately access pollution levels, especially in the case of drinking cures. This time, we focused on cadmium, which is one of highly toxic metals, and tried to propose a simple and reproducible determination method of trace cadmium in spring water.
dissolved only slowly. In the case metal hydroxides, the use of indium and gallium as carrier elements causes serious background absorption.
To eliminate this background absorption, therefore, the volatilization of indium and gallium as bromide 12, 15 and chloride, 17 respectively, during the ashing stage was tried. For indium, the use of a minimal amount of indium 13, 14 was also tried for a coprecipitation procedure. The method using tin(IV) 16 takes long time in order to remove tin(IV) as stannic acid, because the tin(IV) carrier causes large background absorption. The use of hafnium hydroxide 11 is expensive and that of iron(III) hydroxide 10 can not avoid the coprecipitation of large amounts of alkaline earth metals, which may interfere with the cadmium determination. Although samarium hydroxide 18 is a good collector, the optimal pH for the coprecipitation is high (pH 12.2), and hence not easily handled. The method proposed here overcomes those weak points, and was successfully applied to the determination of cadmium in spring water.
Experimental

Apparatus
A Hitachi 170-70 Zeeman atomic absorption spectrometer with a Hitachi cadmium hollow-cathode lamp was used for atomic absorption measurements. The optimum operation conditions, which were studied using a solution obtained by coprecipitation according to the recommended procedure from a distilled water containing 40 ng of cadmium, are summarized in Table 1 . For pH measurements, a Toa Model HM-5BS glasselectrode pH meter was used.
Reagents
A solution containing about 1 or 10 mg/mL of cadmium or ytterbium, respectively, was prepared by dissolving metal nitrate (Wako Chemicals) in a small amount of concentrated A coprecipitation method with ytterbium hydroxide was studied for the determination of cadmium in water samples by graphite-furnace atomic absorption spectrometry. Up to 40 ng of cadmium in water samples was quantitatively coprecipitated with ytterbium hydroxide at pH 8.0 -11.2. The concentration factor was 100 fold. The coprecipitated cadmium was sensitively determined without any influence of ytterbium and the calibration curve was linear from 0.1 to 4 ng/mL of cadmium. The detection limit (signal/noise = 2) was 2.9 pg/mL in 100 mL of the initial sample solution.
Twenty-nine diverse ions tested did not interfere with the determination in at least a 10000-fold mass ratio to cadmium. The proposed method was successfully applied to the determination of cadmium in spring water. nitric acid and diluting with distilled water. The concentrations of both cadmium and ytterbium were determined by complexometric titration using Xylenol Orange as an indicator.
All other reagents used were of guaranteed reagent grade.
Recommended procedure
To a sample solution (up to 100 mL) containing 1 -40 ng of cadmium, 25 mg of ytterbium are added, and the pH of the solution is adjusted to about 9.5 with a 0.1 mol/L sodium hydroxide solution, using a pH meter. To settle the produced precipitate, the solution is allowed to stand for about 30 min; the precipitate is collected on a Toyo Roshi PTFE membrane filter (pore size 0.5 µm, diameter 25 mm), and washed with a small amount of distilled water. After the precipitate is dissolved with 4 mL of 3 mol/L nitric acid, a final volume of the solution is made up to 5 or 10 mL with distilled water.
The atomic absorbance of cadmium is measured under the operating conditions given in Table 1 . A blank, using distilled water as a sample, is run using the same procedure as for the sample solution. In this work, the blank could be neglected in most instances because it was extremely small.
Results and Discussion
Study of the optimum conditions for coprecipitation Effect of the pH on coprecipitation. The effect of the pH on coprecipitation with ytterbium hydroxide was studied with a solution containing 40 ng of cadmium. The maximum and almost constant recoveries were obtained in the pH range of 8.0 -11.2. The precipitate of ytterbium hydroxide, obtained as mentioned above, at a pH 9.0 was bulky, and hence easily handled. Therefore, the pH was adjusted to about 9.5 with a 0.1 mol/L sodium hydroxide solution in further experiments. Effect of the amount of coprecipitant. According to the recommended procedure, the necessary amount of ytterbium for coprecipitation was examined with a sample solution (up to 500 mL) containing 10 ng of cadmium. The required amount of ytterbium for the quantitative coprecipitation increased along with increasing the sample volume, and 25 mg of ytterbium was needed for at least up to 500 mL of the sample solution. Since the atomic absorption of cadmium was not affected by the presence of up to 74 mg of ytterbium in the final sample solution (5 mL), 25 mg of ytterbium was used in subsequent experiments.
The highest concentration factor in this experiment was 100 when the initial and final sample volumes were 500 and 5 mL, respectively. Effect of the standing time of the precipitate. The recoveries of cadmium were little influenced by the standing time of the precipitate. Thus, almost 100% recoveries were obtained within 20 min after the formation of ytterbium hydroxide, and the recovered amounts remained unchanged for at least 2 h of standing. Dissolution of ytterbium hydroxide. Ytterbium hydroxide dissolves easily in all common mineral acids. The effects of the concentration of nitric and hydrochloric acid on the peak height of cadmium were examined. Since the peak heights of cadmium were nearly constant in the ranges of 0.8 -3.0 and 0.6 -1.8 mol/L, respectively, 4 mL of 3.0 mol/L of nitric acid was used for the dissolution of the precipitate.
Calibration curve
Using 100 mL of a sample solution, a calibration curve was prepared according to the recommended procedure. The final volume was made up to 10 mL. As a result, a straight line passing through the origin was obtained for 0.1 -4 ng/mL of cadmium. The relative standard deviation was 3.2% for 10 ng of cadmium in about 100 mL of the sample solution (five observations) and the detection limit (signal to noise ratio of two) was 2.9 pg/mL in 100 mL of the initial sample solution.
Recoveries of some metal ions by ytterbium hydroxide
The selectivity of ytterbium hydroxide as a coprecipitant was investigated according to the coprecipitation procedure indicated in the recommended procedure, determining the recovery percentages of some metal ions. The recovery of each metal ion was determined by graphite-furnace atomic absorption spectrometry. For sodium, potassium, magnesium, and calcium, however, flame atomic absorption spectrometry was used.
As shown in Table 2 , sodium, potassium, magnesium, and calcium were hardly collected. Other ions, such as tin(IV), lead, bismuth(III), copper, chromium(III, VI), manganese, cobalt, and nickel, could be coprecipitated quantitatively, which indicates that ytterbium hydroxide is applicable to the concentration of those ions.
Interferences
The influence of 29 diverse ions was examined using 10 ng of cadmium in about 100 mL of the sample solution. Table 3 shows that large amounts sodium, potassium, magnesium, calcium, chloride, sulfate, hydrogencarbonate, metaborate, metasilicate, and bromide did not interfere with the determination. No other ions tested produced any interference effect, even at a concentration 10000-times the mass of the cadmium present.
Recovery of cadmium from spiked water samples
The utility of the present method was evaluated by examining The coprecipitation of the ions was carried out from about 100 mL of aqueous solution at a pH about 9.5. The final volume was made up to 10 mL.
the recoveries of cadmium from distilled and spring water spiked with cadmium according to the recommended procedure.
As the results show in Table 4 , down to 10 pg/mL of cadmium in up to 500 mL of the initial sample solution was recovered quantitatively. The highest concentration factor was 100-fold when the initial and final volumes were 500 and 5 mL, respectively.
Determination of cadmium in spring water
Based on the results obtained from the above-mentioned experiments, the determination of cadmium in spring water (located in Ishikawa Prefecture) was tried. The samples were filtered through a Toyo Roshi TM-2p membrane filter (pore size 0.45 µm) and analyzed as soon as possible after sampling. As shown in Table 5 , the results obtained by calibration and standard addition methods were in good agreement. The time required for the determination was about 50 min.
Conclusion
From this study, ytterbium hydroxide is recommended as a coprecipitant prior to the determination of cadmium in spring water by graphite-furnace atomic absorption spectrometry, owing to its excellent collecting ability and selectivity. Also, ytterbium hydroxide can be formed at relatively low pH (ca. 9.5); the formed precipitate is bulky, and hence easily handled. The coprecipitation was carried out from about 100 mL of the aqueous solution at a pH of about 9.5, making up the final volume to 10 mL. a. The errors are within ±5%. The recoveries obtained are the average of three replicate determinations. a. Recoveries of cadmium were calculated by subtracting the peak height due to spring water from it due to spring water spiked with cadmium. The sample volume taken was 100 mL and the final volume was made up to 10 mL. The results obtained are the average of three replicate determinations.
